T he overall incidence of carcinoid tumors is approximately 38 per 1 million individuals. 1 Gastric carcinoid is a rare entity, representing <2% of all gastric malignancies, and only 8.7% of all gastrointestinal carcinoids. 2 As the use of endoscopy for surveillance and evaluation of dyspepsia has increased, more gastric carcinoids have been discovered incidentally. 3 An autopsy series previously revealed that 85% of gastric carcinoids remained undiagnosed until postmortem analysis. 3 The finding that these tumors could remain undiagnosed throughout a patient's life, illustrates the scope of the clinical spectrum of gastric carcinoid, and the variability that exists in its management.
Gastric carcinoid is classified into 4 main subtypes. Type I is the most common subtype (70% to 80%) and is associated with atrophic gastritis, enterochromaffin-like cell (ECL) hyperplasia and hypergastrinemia. 4 Type I usually manifests as multiple small tumors in the body and fundus of the stomach in female patients. They are often clinically asymptomatic and found at endoscopy for dyspepsia or abdominal pain. 5 This type is associated with the best prognosis of the 4 types. In patients with multifocal, invasive, or recurrent disease, 6 the management of type I gastric carcinoid often includes antrectomy, which can then cause regression of ECL hyperplasia and help to prevent tumor recurrence. 7 Depending on the size and depth of invasion of the primary tumor, this subtype can either be managed with endoscopic resection or gastric resection.
Type II gastric carcinoid is associated with multiple endocrine neoplasia type 1, and Zollinger-Ellison Syndrome. It is significantly less common than type I, presenting in <10% of patients with gastric carcinoid. 8 Patients usually have multiple small tumors with intermediate malignant potential in the gastric body, fundus, and antrum. This type is associated with high gastric acid production. Surgical intervention for type II gastric carcinoid usually involves limited tumor resection, similar to type I, and can often be done endoscopically. Both type I and type II carcinoid are associated with immunohistochemistry that is positive for Chormogranin A and a low proliferation index (Ki67 < 2%). 9 Type III gastric carcinoid is more commonly seen in men. This type is sporadic and more commonly metastasizes, most often to the liver. 6, 10, 11 Of the 3 types of gastric carcinoid, this subtype behaves most like gastric adenocarcinoma, with the highest propensity for lymph node metastasis. These are usually single, larger tumors (2 to 5 cm) with normal gastrin and gastric acid production. The proliferative index is usually >2% and these tumors are primarily chromogranin negative. Tumor-related mortality is seen in 25% to 30% with well-differentiated tumors and in 75% to 87% of patients with poorly differentiated tumors. 9 Given the high propensity for metastasis, with the worst overall prognosis and larger tumor size, this subtype often is treated with more aggressive resection, potentially including concomitant resection of hepatic disease. 6, [10] [11] [12] Type IV gastric carcinoid represents those tumors not encompassed within the other 3 categories.
Gastric carcinoid is often an indolent disease, although over 44% of patients will ultimately develop liver metastasis within their lifetime. 10, 13 The AJCC staging of gastric carcinoid 8 classifies N0 disease as the absence of lymph nodes, and N1 disease as the presence of lymph nodes. Because of the indolent disease, and the likelihood of developing liver metastases, which can progress to liver failure and ultimately patient demise, cytoreductive surgery is often advocated in addition to resection of the primary tumor. [10] [11] [12] [13] In this retrospective analysis of the California Cancer Registry (CCR), outcomes associated with surgical intervention on local, regional, and metastatic (to the liver) gastric carcinoids are evaluated. We hypothesize that surgical intervention is associated with improved overall survival in patients with gastric carcinoid.
MATERIALS AND METHODS

Data Source
The CCR is maintained by the California Department of Public Health, within the branch of Chronic Disease Surveillance and Research. This database provides statewide cancer specific information regarding demographics, tumor characteristics, histology, cancer treatment, and vital status of all patients diagnosed with cancer in the state of California (CCR, ccrcal.org). The California Office of Statewide Health Planning and Development (OSHPD) manages data regarding the state of California's health care outcomes and inpatient hospitalizations (http://www.oshpd.ca.gov/AboutUs.html). The CCR and OSHPD data sets can be merged to provide more specific information regarding inpatient and outpatient care provided to cancer patients in the state of California.
Cohort Selection
The CCR was queried for all neuroendocrine tumors corresponding to ICD-O-3 codes 8240-8247 and 8249 (carcinoid tumor) between 2000 and 2011. Initially all carcinoids were compiled, and the anatomic distribution was examined. Next, from that group all but those within the stomach (ICD-O-3 site code C160-C169) were eliminated. We also excluded all patients under the age of 18, all without a histologically confirmed diagnosis, all who died within 30 days of diagnosis or who were diagnosed by autopsy, and finally all patients without matching OSHPD records. This yielded a final cohort of 1012 patients with histologically proven gastric carcinoid represented both in CCR and OSHPD.
Data Analysis
The cohort of 1012 patients with gastric carcinoid was evaluated for demographic characteristics, number and type of tumors, incidence of lymphadenopathy, and incidence of hepatic metastasis. To simplify our analysis, we grouped patients with gastric carcinoid into 3 groups: local, regional (positive lymph node metastasis), and distant metastatic disease. Because cytoreductive surgery seems to achieve the best results in patients with liver metastasis without extrahepatic disease, 10 we focused our attention on those patients with hepatic metastasis as their only site of distant disease. The data was queried as to whether patients had undergone surgery on the primary tumor and/or resection of liver metastasis. We then focused on survival outcomes among the 3 groups of local, regional, and (hepatic) metastatic disease, stratifying by surgical treatment on primary disease and/or liver metastasis. Kaplan-Meier curves were used to analyze survival rates. All analyses were performed using the Stata 13 statistical software (StataCorp, College Station, TX).
RESULTS
Anatomic Distribution of Gastrointestinal Carcinoids
The distribution of gastrointestinal carcinoids is listed in Table 1 . Within the CCR, the greatest number of gastrointestinal carcinoids were seen within the colon and rectum (n = 5504, 34.3%) followed by the small intestine (n = 3056, 19.1%). The third most common gastrointestinal carcinoids were pancreatic (n = 1012, 7.4%). and gastric (n = 1012, 7.4%). In the CCR during this time period there were 3141 (19.6%) carcinoids that were identified as unknown and 1618 (10.1%) that were of unknown primary. However, these are of all of the carcinoids in the CCR therefore they may include carcinoids derived from sites out of the gastrointestinal system (Table 1) . If these categories were excluded, then gastric carcinoids would comprise 8.9% of all known gastrointestinal carcinoids (N = 11,268).
Demographic Results
Demographic data for this cohort of patients are listed in Table 2 . Our cohort included 1012 patients diagnosed with gastric carcinoid in the CCR database between 2000 and 2011.
The average age at diagnosis was 63 (range, 18 to 99). There were more female (n = 615, 60.7%) than male patients, which is consistent with previously published reports highlighting the female predominance of this disease. 14 The majority of patients were white (n = 464, 45.9%) or Hispanic (n = 331, 32.8%). Most of the patients either had private insurance or Health Maintenance Organization (n = 436, 43.1%) or Medicare (n = 385, 38%). Overall the patients were healthy, with 60% (n = 609) of patients reporting no comorbidities, and 29.1% (n = 294) reporting 1 comorbidity (Table 2) .
Disease Characteristics
Although nearly half of gastric carcinoids registered within the CCR were of unknown size (n = 477, 47.1%), 32.8% (332) were <2 cm, 5.5% (56) were between 2 and 3 cm, 6.8% (69) were between 3 and 5 cm, and 7.8% (78) were >5 cm ( Table 3 ). The majority of tumors of known size were <2 cm, which is consistent with type 1 or type 2 carcinoids, as they are often small.
In terms of surgical intervention, 56.7% (n = 574) patients underwent surgery at the primary site. The type of surgery included local excision/endoscopic resection (n = 257, 25.4%), gastric wedge resection (n = 23, 2.3%), partial gastrectomy (n = 205, 20.3%), total gastrectomy (n = 48, 4.7%), gastrectomy with other organ resection (n = 37, 3.7%), and other surgery (n = 4, 0.4%). Sixty-three percent (n = 644) of disease was characterized as local, 9.4% (n = 95) as regional, and 13.1% (n = 133) as remote. In our cohort, the vast majority had N0 disease (n = 900, 88.9%). Only 3.4% (n = 34) had liver metastasis. Only 5 of the 34 patients (14.7%) had liver resection for liver metastasis (Table 3) .
Survival Outcomes
In patients with localized disease only, surgery is associated with improved survival after adjusting for age and comorbidities (hazard ratio [HR] = 0.48; 95% confidence interval [CI], 0.37-0.62; P < 0.001), (Fig. 1A, 5 -year survival for surgery and no surgery was 99.6% and 96.4% respectively, P < 0.001). In patients with regional disease only, there was also longer survival associated with surgery (Fig. 1B, 5 -year survival 89.1% and 40.8%, P < 0.001). After adjusting for age and comorbidities the HR was 0.28 (95% CI, 0.16-0.5; P < 0.001). There were no differences in survival in patients who underwent surgery with liver metastases; however, there were too few patients in this subset to yield any meaningful conclusions.
Differences in Presentation and Management in Patients With Local and Locoregional Disease
To assess if there were differences at presentation or management between the node-negative and node-positive patients some clinicopathologic variables were reviewed (Table 4) . Patients were significantly younger in the surgery group (60.4 vs. 66.2 y; P < 0.0001) in the localized disease group, indicating perhaps there was a bias to offer surgery to those that would otherwise require prolonged surveillance on the basis of their age. In addition, in patients with node-negative disease, a majority with private or Health Maintenance Organization insurance were managed with surgery (P < 0.001). In contrast, in patients with node-positive regional disease, neither age nor insurance status were different in the surgery or no surgery groups.
DISCUSSION
Our results reveal, in a cohort of 1012 patients with gastric carcinoid, an associated survival advantage for patients who have surgical intervention for both local and regional disease. The findings of this study imply that surgical intervention has associated survival implications in what is often otherwise deemed an indolent disease.
The incidence of gastric carcinoid has increased over time, likely as a result of increased diagnosis with endoscopy. 15 In addition, there is some long-term data following patients after endoscopic resection for type 1 gastric carcinoids. Uyguyn et al 16 reviewed 22 patients from 1999 to 2012 with type I gastric carcinoid who were initially diagnosed with hypergastrinemia, atrophic gastritis, and intestinal metaplasia. The polyps were >1 cm in 4 patients and between 0.5 and 1 cm in 18 patients. All lesions were successfully resected. Recurrence was detected in 4 (18%) patients and endoscopic resection was performed again. Local or distant metastases were not observed in any patient with a median follow-up of 7 years. This indicates that although recurrence is an issue in up to 20% of patients, as previously described regional and metastatic disease is rare. 16 In addition, in a more recent long-term follow-up of a multiinstitution larger series of patients with type 1 gastric carcinoid the above results were corroborated. Thomas et al 17 reviewed the presentation, management, and outcomes of 101 patients with type 1 gastric carcinoid. Most patients initially had indications for endoscopy secondary to upper gastrointestinal tract symptoms or assessment of long-standing anemia. The most common medical comorbidities in this population were B12 deficiency anemia (42%), and Hasimotos thyroiditis (37%). Pretreatment gastrin levels but not chromogranin A levels correlated with maximum tumor diameter at endoscopy. Octreotide scan was only positive in 6/60 patients and computed tomography was only positive in 9/111 patients. In this series 20/111 patients had surgical interventions. Long-term outcomes of this series were comparable with those previously reported where with a mean follow-up of 76 months there were no carcinoid-related mortalities reported. 16 Because of the indolent nature of this disease, Gladdy et al 18 sought to define surgical indications for type I gastric carcinoid. In their series, 65 patients identified between 1985 and 2007 with a mean follow-up of 30 months, the disease specific survival was 100% whether they had surgery or not. However, adenocarcinoma was identified in 4/19 resected cases. Their recommendations are to consider surgical resection with more advanced carcinoid disease given its association with an increased risk of adenocarcinoma. 18 In 2009, Landry et al 19 queried the Surveillance Epidemiology and End Results (SEER) database between 1973 and 2004 with the aim of identifying clinicopathologic factors that affect survival for patients diagnosed with gastric carcinoid. On multivariate analysis age, depth of invasion, and size of the primary tumor were all associated with survival. Interestingly, in patients that were stage I or stage II (node negative) the 5-year survival was 82% and 63%, respectively. Authors did not correct for comorbidities or take into account surgical resection. In patients with regional disease (node positive), the 5-year survival was only 21%. Our study demonstrated that with regional disease only and after correcting for age and comorbidities survival can be as high as 89.1% with and 40.8% without surgery. The authors indicate that these were the survival data for patients with only 1 tumor so perhaps this population was enriched with more type III gastric carcinoid patients. However, they do state that the survival analysis of the entire cohort (including patients with multifocal tumors in the stomach and therefore more likely type 1 gastric carcinoid) yielded similar results. 19 Patients who do not have type I gastric carcinoid may have more advanced disease at the time of diagnosis, with hepatic metastasis as the most common distant site. Surgical resection provides the best chance at cure of the disease, and previous studies have demonstrated a survival advantage to aggressive debulking of metastatic disease. 10 Hellman et al 20 previously demonstrated a more prolonged survival in association with resection of the primary tumor in patients with midgut carcinoid tumor who presented with both regional disease and liver metastasis (7.4 vs. 4 y; P < 0.01). Similarly, Givi et al 12 revealed that resection of the primary neoplasm was associated with improved progression-free survival and overall survival in patients with abdominal carcinoid neoplasms. We have demonstrated in this study that these results remained consistent when examining only gastric carcinoids. The limitation of our study is that the type of gastric carcinoid is not specified in the CCR and this remains the limitation of any large database study with this disease. However, in compiling all gastric carcinoids and adjusting for both age and comorbidities, it seems that removal of the gastric carcinoid is associated with significant benefits, both in local and regional disease.
Historically, surgical decision making in gastric carcinoids has been largely on the basis of subtype. Type I carcinoids are often treated with resection of the primary tumor (local excision) with consideration for concomitant antrectomy in patients with hypergastrinemia or recurrence. Our study revealed that local excision was the most common surgical intervention performed with a diagnosis of gastric carcinoid (25.4%). This likely reflects the incidence of type I carcinoids, which are the most common subtype. The second most common gastric surgery was partial gastrectomy, which may be representative of antrectomy such as for type I carcinoids, or resection of primary tumor for types II or III.
Even in the context of a large population series, the incidence of hepatic metastases was low and those subsequently subjected to resection were also few. Therefore, conclusions on the basis of these numbers are limited in scope and applicability. However, the authors do believe that as in other neuroendocrine tumors of the GI tract, when feasible and safe, liver-directed therapy including surgical debulking is reasonable. A previous multi-institutional study examined hepatic resection as compared with ablation and ablation with resection in patients with hepatic neuroendocrine tumor metastasis. 10 Although this study included all neuroendocrine subtypes, carcinoids were the most common at 53%. Liver-directed therapy demonstrated a correlation with prolonged survival regardless of whether patients underwent resection or ablation; however, the patients did have a high rate of recurrence.
Limitations
A significant limitation of our study is inherent in the reliance on retrospectively analyzed data in the CCR and OSHPD. There is therefore a significant omitted variable bias. We have attempted to control for patient age and comorbidities as influential factors as that may contribute to the decision to offer surgery for local and locoregional disease. These data are a reflection of practitioner judgment in combination with assessment of outcomes and this is an inherent limitation of all retrospective studies. Our data is strengthened, however, by the inclusion of both the CCR and OSHPD as data sources, as it allowed analysis of all inpatient hospital records, especially given the relative rarity of gastric carcinoids. We also recognize an inherent limitation in our study in that we were unable to fully characterize each of the gastric carcinoids by type. We used size data when available and the presence of lymph node or liver metastasis to approximate which type of gastric carcinoids was represented, but are aware that given that carcinoids are approached differently on the basis of the subtype, our results are difficult to translate into clinical practice. Similarly, it was difficult to characterize multifocality of the tumors as a surrogate for type of carcinoid, given that this data was only available in the CCR after 2006. Lastly, there is the limitation in not knowing what additional liver-directed therapies patients with liver metastasis may have had. In our study of 1012 gastric carcinoids and the association of surgical intervention with outcome, we demonstrate a significant survival advantage 
